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Nomenclature 

BWL waterline breadth of the ship 
CT coefficient of the total resistance 
CF coefficient of the frictional resistance 
CP coefficient of the pressure resistance 
F
�

 force vector 
Fn Froude number 
G ship centre of mass 

LI  
inertia tensor of the ship in the ship-fixed 
reference frame 

hw wave height 
kxx central longitudinal radius of inertia 
kyy central transversal radius of inertia 
kzz central transversal radius of inertia 
LCB longitudinal position of the buoyancy centre 
Lpp length between perpendiculars 
LWL length of waterline 

M
�

 moment vector with respect to G 
m ship mass 
Rn Reynolds number 
S transformation matrix 
SW water plane area 
SR rudder area 
T draught of the ship 
x,y,z axis of the Newtonian coordinate system 
z heave motion 
D volume displacement of the ship 
l wave length; model scale 

x
�

 
rotational position vector 

�  ship-fixed reference frane 
�  ship-fixed reference frane 
�  ship-fixed reference frane 
q pitch angle 
w
�

 angular velocity vector 
 

Abstract 

The paper compares numerical and experimental results for 
calm water resistance, added resistance and motions in 
waves, and roll damping of various ship types in different 
conditions.  Resistance in calm water was evaluated with 

and without the influence of dynamic trim and sinkage; 
Ship motions and added resistance were measured in 
regular waves; roll damping was defined from roll decay 
history in calm water.  The numerical methods used, 
Comet [1] und OpenFOAM [2], are based on the solution 
of the Reynolds-averaged Navier-Stokes equations 
(RANSE) with finite-volume approach.  The free surface 
is modelled in the both methods with a volume of fluid-like 
approach.  Both solvers were extended with a model of 
ship motions coupled with the solution of the flow 
equations.  The studied ships include a Panmax container 
ship, a tanker and a destroyer.  In general, computed 
resistance and ship motions agree well with the 
measurements.  The study was undertaken in a 
cooperation between Germanischer Lloyd (GL) and 
University Duisburg-Essen (UDE). 

1. INTRODUCTION 

The Gothenburg Workshop 2000 [3] has shown already ten 
years ago, that RANSE-methods are capable of the 
computation of ship resistance with a sufficient accuracy.  
Since then, no significant developments were undertaken in 
the numerical models of the free surface or turbulence; most 
developments were devoted to efficiency and robustness of 
grid generation and flow solution.  In addition, significant 
progress was achieved in the prediction of ship motions and 
loads in seaway, as well as fluid-structure interaction. 

Nevertheless, the required power of ships was determined 
as before from model tests.  Interest to numerical power 
prediction might increase in the near future due to the 
growing importance of ship energy efficiency and demand 
for the corresponding hull form optimisation. 

2. NUMERICAL METHODS 

2.1 Flow Solvers 

The applied numerical methods solve the conservation 
equations for mass and momentum in their integral form.  
The fluid is assumed viscous and incompressible, and the 
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flow turbulent, satisfying the Reynolds-averaged 
Navier-Stokes (RANS) equations.  The solution domain is 
subdivided into a finite number of control volumes of 
arbitrary shape.  The integrals over control volumes and 
their faces are numerically approximated using the 
midpoint rule.  The mass flux through the cell face is taken 
from the previous iteration, following a simple Picard 
iteration.  The free surface dynamics is computed 
employing Eulerian interface-capturing techniques of the 
volume-of-fluid (VoF) type. 

The unknown variables at cell face centres are determined 
in COMET by combining central- (CDS) and upwind- 
(UDS) differencing schemes, blended to obtain a good 
compromise between accuracy and stability.  Near the ship 
hull, the blending factor is chosen between 0.8 and 0.9.  
The transport equations for the turbulent kinetic energy and 
its dissipation rate were discretised with upwind differences.  
The three time level methods are used to integrate in time.  
Pressure and velocity are coupled by a variant of the 
SIMPLE algorithm [2].  All equations except the pressure 
correction equations are under-relaxed using a relaxation 
factor of 0.8, while the pressure-correction equation is 
under-relaxed with a factor between 0.2 and 0.4 for 
unsteady simulations, finding in each case a suitable 
compromise between stability and convergence speed. 

In OpenFOAM, the convection terms in the momentum 
equations are approximated using a TVD-limited linear 
second-order scheme.  The pressure-velocity coupling 
follows the PISO method.  Integration in the time domain 
relied on the use of the implicit Euler or Runge Kutta 
scheme.  To ensure numerical stability, the exciting forces 
are under-relaxed.  Although the PISO scheme for 
pressure-velocity coupling does not require outer iterations, 
for implicit coupling of flow equations and rigid-body 
motions such iterations were introduced.  At the end of 
each outer iteration, the force equilibrium is checked.  The 
normalised difference between fluid and mass forces serves 
as criterion to stop outer iterations.  Since the first rigid 
body motions in the current time step can be predicted well 
based on the previous time steps, the approach converges 
rapidly.  For quickly changing hydrodynamic added 
masses (e.g. slamming), more outer iterations are needed. 

In the both methods, the two-fluid system is modelled 
following a two-phase formulation of the governing 
equations.  The spatial distribution of each of the two 
fluids is obtained by solving an additional transport 
equation for the volume fraction of one of the fluids.  
Because no explicit treatment for the free surface is required, 
overturning (breaking) waves as well as effects of trapped 
air can be modelled.  In order to avoid numerical smearing 
of the interface, COMET employs a high-resolution 
interface-capturing (HRIC) scheme [4], while OpenFOAM 
employs the explicit MULES scheme. 

2.2 Coordinate system and rigid body motions 

The nonlinear ship motion equations are coupled with the 
flow solver.  The equations of motion are solved in the 
Newtonian reference frame Gxyz fixed with respect to the 
mean position of the ship; its origin is located at the centre 
of gravity of the ship G and the x-, y- and z-axes point 
horizontal forward, horizontal to the port and vertically 
upwards, respectively. 

In COMET, the coordinate transformation between the 
Newtonian and the ship-fixed reference frame G���  is 
defined as 

x
���

Sxx G +=                               (1) 

where S denotes the transformation matrix and x
�

 the 
rotational position vector.  Following the definition of 
Euler angles, the transformation matrix resulted from 
consecutive rotations about the vertical z-axis (yaw), the 
new transverse � -axis (pitch), and the new longitudinal 
� -axis (roll).  The governing equations of motions are 
expressed as follows: 

GF mx=
� ���                                 (2) 

www
�����

T
L

T
L SISSISM ´+=                (3) 

where F
�

 denotes the resulting force vector, m the mass of 

the ship, Gx��
�

 the translational acceleration vector of G, 

M
�

 the resulting moment vector with respect to G, LI  
the inertia tensor of the ship about the axes of the ship-fixed 

(local) reference frame, and w
�

 the angular velocity vector.  
Integration in the time domain applied an implicit 
trapezoidal method [5]. 

In OpenFOAM, quaternions [6] are used for 
transformations between coordinate systems to avoid 
singularities. 

 

3. REFERENCE SHIPS AND TEST CASES 

3.1 Test Ships 

The study was undertaken for three ship types, a Panmax 
container ship (KCS), an oil tanker (KVLCC2) and a 
destroyer (DTMB 5415); the main dimensions are shown in 
Table 1.  A series of model measurement results at 
different institutes was provided to the participants of the 
workshop (http://www.gothenburg2010.org).  In this study, 
computations of resistance and motions in waves were 
carried out for the container ship and the oil tanker, as well 
as roll decay simulations for the destroyer, Tables 2 to 4. 
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Table 1 Full scale dimensions of the used geometries 

 KCS KVLCC2 DTMB 
Lpp, m 230.0 320.0 142.0 
LWL, m 232.5 325.5 142.18 
BWL, m 32.2 58.0 19.06 
T, m 10.8 20.8 6.15 
D, m3 52030 312622 8424.4 
cB 0.6505 0.8098 0.5070 
SW, m2 9424 27194 2972.6 
SR, m2 115.0 273.3 30.8 
LCB, %Lpp fwd -1.48 -1.48 -0.683 
kxx/B 0.40 0.40 0.37 
kyy/Lpp, kzz/Lpp 0.25 0.25 0.25 
 

3.2 Calm Water Resistance Test Cases 

Calm water resistance was calculated only for the container 
ship; test cases are shown in Table 2. 

Table 2 Resistance test cases for container ship KCS 

Case 2.2a 2.2b 
Fn 0.26 0.1083(1), 0.2274, 0.2816 
Rn×10-7 1.4 0.52, 1.1, 1.4 
Rudder yes Yes 
Experimental data resistance resistance, sinkage, trim 
Experiments MOERI MOERI 
(1) OperFOAM computations were not carried out for 

this case 

3.3 Ship Motions and Added Resistance in Waves 

The model tests were performed in head waves.  
Measurements and simulations concern heave and pitch of 
the container ship and tanker, as well as the added resistance 
of the tanker, see Tables 3 to 4. 

Table 3 Test Case 2.4a for container ship KCS 

 C1 C2 C3 C4 
Fn 0.26 0.26 0.26 0.33 
Rn×10-6 6.52 6.52 6.52 8.27 
scale 52.667 52.667 52.667 52.667 
l /Lpp 0.50 1.15 2.00 1.33 
hw, mm 36 84 146 97 
 

Table 4 Test cases in regular waves for the tanker 

 Cases 1.4a and c Case 1.4b 
 C1 C2 C3 C1 C2 C3 C4 C5 
Fn 0.142 0.142 0.142 0.000 0.142 0.142 0.142 0.182 
Rn×10-6 2.55 2.55 2.55 0.0 5.4 5.4 5.4 6.9 
scale 100 100 100 58 58 58 58 58 
l /Lpp 0.6 1.1 1.6 0.9171 0.6364 0.6364 0.9171 0.6364 
hw, 
mm 

60 60 60 122.66 27 140 138 150 

 

For Cases 1.4a and b, surge motion was restrained, while 
for Case 1.4c, it was additionally modelled.  Two linear 
springs are modelled, attached to the model at the centre of 
gravity and acting horizontally in Newtonian coordinate 
system. 

3.4 Roll Damping for DTMB 

Simulation of the roll decay test was performed for 
destroyer DTMB with the roll axis fixed at G for Fn=0.138, 
Rn=2.56×106 in model scale l =46.59; initial roll angle 10°. 

4. COMPUTATIONS 

4.1 Numerical Grids 

The numerical grids consist of predominantly hexahedral 
control volumes and are fully unstructured.  The grids are 
refined around the wetted hull surface and expected free 
surface position.  Sufficiently far away from the ship, the 
grids were coarsened in order to dampen the waves and 
thus avoid reflection from the boundaries.  An example of 
the grid around the containership is shown in Figures 1 and 
2.  The innermost cell thickness was chosen so that, on 
average, the dimensionless distance from the wall y+ was 
between 25 and 50.  For calm water and head wave 
conditions, only half ship was modelled by setting a 
symmetry plane at the centre line.  To avoid disturbances 
at outer grid boundaries, these boundaries were located at a 
distance of one (for seakeeping analyses) to three (calm 
water analyses) ship length ahead of the bow, two 
(seakeeping) to six (calm water) ship lengths aft of the stern, 
one (seakeeping) to three (calm water) ship length beneath 
the keel and two (seakeeping) to three (calm water) ship 
length to the side.  The top grid boundary was located 
above the deck at a distance equal to half length of the ship. 

The numerical grids were generated with an open source 
grid generator SnappyHexMesh [7]; only for the KCS Test 
Cases 2.2a and 2.2b the grids for COMET computations 
were produced with a commercial program StarCCM+.  
For seakeeping analyses, the same or similar grids were 
usually used for the computations with OpenFOAM and 
COMET.  The grid resolution depends on the wave length 
and Froude number; significantly more cells were used for 
the simulations with short waves and small Froude numbers 
in order to resolve incoming, radiated and diffracted waves. 

The rigid body motions were accounted for by grid 
deformation.  The solution of the motion equations yields 
the displacement of the vertices on the ship hull, while 
vertices on the water bottom, inlet and outlet are fixed.  
The displacement of the cell vertices inside the 
computational domain is determined using a grid 
deformation algorithm.  For the estimation of the spatial 
discretisation error, grids of varying density were used.  
Table 5 indicates the numbers of cells used. 
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Fig.1 Example of grid at the free surface for the KCS 

 

 

Fig.2 Domain extensions for KCS 

 
Table 5 Number of finite volumes 

 Number of cells ´ 10- 3 
Ship Condition coarse Medium Fine 

calm 
water 

70(2) 750(1), 
700(2) 

2700(1), 
1000(2) 

KCS 

regular 
waves 

100-200(3) 200-500(3) 600-1200(3) 

calm 
water 

-  -  -  KVLCC 

regular 
waves 

100-200(3) 200-500(3) 600-1200(3) 

DTMB roll decay 70(2) 500(2) 1000(2) 
(1) Grid used for COMET 
(²) Grid used for OpenFOAM 
(3) larger numbers of cells correspond to shorter waves 

4.2 Boundary Conditions 

The front boundary of the computational domain was 
specified as inlet with known velocities (reversed ship 
speed for calm water conditions or a superposition of 
reversed ship speed and orbital particle velocities of the 
linear Airy wave for incoming wave conditions), volume 
fraction, turbulent kinetic energy and its dissipation rate.  A 
slip boundary condition was specified on the side and 
bottom boundaries.  A no-slip condition with specified 
velocities due to ship motions was enforced on the hull 
surface.  Hydrostatic pressure boundary condition was 

imposed at the outlet and (for OpenFOAM) also top 
boundaries.  Numerical diffusion caused by the coarse grid 
aft of the ships damped the incident wave and the ship 
waves to such an extent that no significant wave reflection 
occurred at the outlet boundary. 

k-e and k-w SST turbulence models with wall functions 
were used in COMET and OpenFOAM, respectively. 

4.3 Initial conditions 

Initial flow velocities were calculated from the ship speed 
(for calm water conditions) or from the superposition of 
ship speed with orbital particle velocities of a linear Airy 
wave (for incoming wave conditions).  Volume fractions 
were initialised taking into account a linear Airy wave for 
seakeeping computations.  At the beginning of simulations, 
the ship was set without trim and heel; only in the roll decay 
simulation an initial heel of 10° was used. 

4.4 Convergence 

Calm water conditions 

OpenFOAM computations were started on the coarse grid.  
The flow variables were then interpolated onto the next fine 
grid and the simulation continued; this procedure leads to a 
quicker convergence.  Simulation of the flow continued 
until a stationary or a periodic solution was reached.  
Figures 3 and 4 show examples of convergence histories in 
time for Case 2.2b obtained with OpenFOAM and 
COMET, respectively (the model was fixed until time 10.0 
s and then unrestrained). 

Incoming wave conditions 

For incoming waves longer than about one ship length, the 
numerically predicted ship motions become periodic in few 
wave periods.  However, for shorter incoming waves, the 
disturbances due to the initial condition remain relatively 
long.  In such cases, more than 10 periods were usually 
required until periodic ship motions are achieved. 

 

Fig.3 Convergence in time of resistance on coarse and 
fine grids (OpenFOAM for 2.2b, Fn=0.2816); the model 
is released at 10.0 s 
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Fig.4 Convergence in time of sinkage (top), trim 
(middle) and resistance (bottom) on coarse and fine grids 
(COMET simulations for the same case as in Fig.3) 

 

 

 

Fig.5 Time series of trim for Test Cases 1.4a C1 for 
COMET and OpenFOAM (top) and C3 for COMET on 
different grids (bottom); n is the number of cells, k=103 

5. RESULTS 

5.1 KVLCC2 

Test Case 1.4a 

No measurements were available for this test case.  
Computations were performed with OpenFOAM and 
COMET.  Figures 6 to 8 show time histories of heave and 
pitch motions and total resistance coefficient; Table 6 shows 
the amplitude and the phase of the first Fourier harmonic, 
derived from the time histories.  OpenFOAM shows on 
the average larger motions than COMET. 

Table 6 Computational results for Case 1.4a 

Heave Pitch  
ampl., 

mm 
phase, 

deg. 
ampl., 

deg. 
phase, 

deg. 
COMET 1.28 102.13 0.09 -172.78 C1 
OpenFOAM 1.63 103.59 0.11 -167.69 
COMET 17.70 151.61 1.42 -142.67 C2 
OpenFOAM 21.62 156.41 1.81 -135.47 
COMET 27.04 -103.00 2.00 -50.33 C3 
OpenFOAM 27.75 -101.30 2.24 -46.84 

 

 

 

 

Fig.6 OpenFoam and COMET heave (top), pitch 
(middle) and total resistance (bottom) for case 1.4a 
condition C1 
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Fig.7 OpenFoam and COMET heave (top), pitch 
(middle) and total resistance (bottom) for case 1.4a 
condition C2 

 

Test Case 1.4b 

Computations were performed with OpenFOAM and 
COMET; Table 7 shows a summary of the results.  Fig.9 
shows examples of time histories of heave and pitch 
motions and total resistance coefficient for one of the test 
conditions, C4. 

Computational results for short waves (conditions C2, C3 
and C5) show small ship motions and small added 
resistance; however, the transient phase is long in 
comparison to the oscillation period and thus requires large 
simulation time until a periodic solution is achieved. 

 

 

 

Fig.8 OpenFoam and COMET heave (top), pitch 
(middle) and total resistance (bottom): case 1.4a 
condition C3 

 

 

Table 7 Computational results for Case 1.4b 

Heave, mm Pitch, deg.  
0th 

ampl. 
1st 

ampl. 
0th 

ampl. 
1st 

ampl. 
COMET 0.223 18.439 -0.091 1.541 
OpenFOAM -2.315 15.491 -0.004 1.414 

C1 

EFD -0.130 13.378 -0.023 1.638 
COMET -6.100 12.482 -0.191 1.323 
OpenFOAM -3.427 13.079 -0.188 1.358 

C4 

EFD -5.625 11.081 -0.137 1.357 
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Fig.9 OpenFoam and COMET heave (top), pitch 
(middle) and total resistance (bottom) for case 1.4b 
condition C4 

 

Test Case 1.4c: COMET 

This test case concerns ship motions and added resistance in 
head waves for a model attached to the carriage by the 
means of springs.  The springs were modelled as a 
horizontal force proportional to the relative displacement 
between the model and the carriage; thus, surge motion was 
also taken into account. 

Computations were performed with COMET; Table 8 
shows the amplitudes of the 0th and 1st harmonics for surge, 
heave and pitch motions and Fig.10 shows time histories of 
surge, heave and pitch for test condition C2. 

 

 

 

Fig.10 Surge motion x, heave motion z and pitch angle q 
(OpenFoam and COMET for case 1.4c condition C2) 

 

 

Table 8 Computational results for Case 1.4c 

surge heave pitch 

 1st 
ampl., 
mm 

0th 
ampl., 
mm 

1st 
ampl., 
mm 

0th 
ampl., 
° 

1st 
ampl.,° 

COMET 1.49 -3.516 1.316 -0.241 0.085 
C1 

EFD 1.73 -3.200 1.900 -0.090 0.110 
COMET 2.14 -3.300 17.615 -0.243 1.396 

C2 
EFD 2.08 -2.880 1.990 -0.130 1.510 
COMET 5.68 -3.188 26.753 -0.243 1.958 

C3 
EFD 7.88 -2.800 26.600 -0.180 1.790 
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5.2 KCS 

Test Case 2.2a: COMET 

Calculations were performed with COMET for Fn=0.26 
with restrained trim and sinkage; Fig.11 shows converged 
free surface elevation and Table 9 shows the total resistance 
coefficient, as well as coefficients of friction and pressure 
forces for the two grids used in comparison with the 
measured resistance. 

 

Fig.11 Free surface computed by COMET for Case 2.2a 

 

Table 9 COMET results for Case 2.2a 

 CT×103 CF×103 CP×103 
Medium 3.706 2.872 0.834 
Fine 3.618 2.879 0.739 
Difference fine vs. med., % 2.43 -0.24 12.86 
EFD 3.557 -  -  
Difference fine vs. EFD, % -1.71 -  -  
 

 

Test Case 2.2a: OpenFoam 

Calculations were performed with OpenFOAM for 
Fn=0.26 with restrained trim and sinkage; Table 10 shows 
the resistance coefficient in comparison with measurements. 

Table 10 OpenFOAM results for Case 2.2a 

 CT×103 CF×103 CP×103 
Medium 4.000 2.842 1.158 
Fine 3.544 2.856 0.688 
Difference fine vs. med., % 12.867 0.49 68.314 
EFD 3.557 -  -  
Difference fine vs. EFD, % 0.365 -  -  
 

 

Test Case 2.2b: COMET 

Calculations performed with COMET for Fn=0.1083, 
0.2274 and 0.2816 with unrestrained trim and sinkage.  
Fig.12 shows converged free surface elevation for the 
Froude number 0.1083 and Table 11 shows the total 
resistance coefficient for the Froude numbers 0.1083, 
0.2274 and 0.2816, as well as the coefficients of resistance 
components for the two grids used, in comparison with the 
measurements. 

 
 

Fig.12 Comet free surface for case 2.2b, Fr=0.1083 

 

Table 11 COMET results for Case 2.2b 

 CT×103 CF×103 CP×103 Sinkage, 
m 

Trim, 
deg. 

Fn=0.1085 
Medium 3.836 3.293 0.543 -0.145 -0.033 
Fine 3.691 3.297 0.394 -0.145 -0.034 
Fine vs. med., % -3.93 0.12 -37.82 0.00 2.94 
EFD 3.796 -  -  -0.090 -0.017 
Fine vs. EFD, % 2.77 -  -  -61.11 -100.00 
Fn=0.2276 
Medium 3.577 2.979 0.598 -0.947 -0.130 
Fine 3.493 2.990 0.503 -0.945 -0.132 
Fine vs. med., % -2.40 0.37 -18.89 -0.21 1.29 
EFD 3.467 -  -  -0.944 -0.127 
Fine vs. EFD, % -0.75 -  -  -0.11 -3.78 
Fn=0.2818 
Medium 4.574 2.925 1.649 -1.655 -0.149 
Fine 4.517 2.945 1.572 -1.656 -0.150 
Fine vs. med., % -1.26 0.68 -4.90 0.06 0.67 
EFD 4.501 -  -  -1.702 -0.159 
Fine vs. EFD, % -0.36 -  -  2.70 5.66 

 

Test Case 2.2b: OpenFoam 

Calculations performed with OpenFOAM for Froude 
numbers 0.2274 and 0.2816 with unrestrained trim and 
sinkage.  Table 12 shows the total resistance coefficient for 
the Froude numbers 0.2274 and 0.2816 in comparison with 
the measured resistance, as well as the coefficients of 
resistance components for the two grids used. 
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Table 12 OpenFOAM results for Case 2.2b 

 CT×103 CF×103 CP×103 Sinkage, 
m 

Trim, 
deg. 

Fn=0.2274 
Medium 3.583 2.876  -0.986 -0.121 
Fine 3.505 2.995    
Fine vs. med., % 2.23 3.97    
EFD 3.467 -  -  -0.944 -0.127 
Fine vs. EFD, % -1.10 -  -    
Fn=0.0.2816 
Medium 3.9 2.86 1.04 -1.63 -0.201 
Fine 4.45 2.92 1.53 -1.78 -0.161 
Fine vs. med., % 12.36 2.05 32.03 8.43 24.84 
EFD 4.501 -  -  -1.702 -0.159 
Fine vs. EFD, % 1.13 -  -  -4.58 -1.26 

 

 

 

 

Fig.13 OpenFoam and Comet heave (top), pitch 
(middle) and total resistance (bottom) time histories for 
case 2.4, condition C2 

 

Test Case 2.4: COMET and OpenFOAM 

Simulations were performed with COMET and 
OpenFOAM in head waves for a model unrestrained in 
heave and pitch and moving with a prescribed forward 
speed.  Figures 13, 14 and 15 show time histories of ship 
motions and total resistance for the conditions C2, C3 and 
C4, respectively; Table 13 shows a summary of 
computational results (OF denotes OpenFOAM; A0 and A1 
are the amplitudes of the 0th and 1st harmonics, 
respectively) in comparison with the measurements. 

 

 

 

 

Fig.14 OpenFoam and Comet heave (top), pitch 
(middle) and total resistance (bottom) time histories for 
case 2.4, condition C3 
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Fig.15 OpenFoam and Comet heave (top), pitch 
(middle) and total resistance (bottom) time histories for 
case 2.4, condition C4 

 

Table 13 OpenFOAM and COMET results for Case 2.4  

heave pitch CT́ 103 
 

A0, mm A1, mm phase,° A0,° A1,° phase,° A0, N A1, N phase,° 
COMET -8.421 0.943 20.071 -0.128 0.054 102.50 1.794 1.779 -71.40 
OF -8.488 1.048 22.164 -0.151 0.058 104.99 3.922 2.137 285.365 C1 
EFD          
COMET -6.496 37.808 -21.126 0.019 2.122 12.89 7.344 3.440 66.94 
OF -5.869 38.819 -19.770 0.023 2.165 14.052 6.817 3.343 62.849 C2 
EFD -5.436 39.544 -20.57 0.064 2.095 8.485 7.160 20.420 81.870 
COMET -6.540 65.020 -1.136 -0.037 3.129 63.80 2.982 24.271 75.41 
OF -7.074 65.088 0.764 -0.080 3.141 65.089 4.880 25.956 80.878 C3 
EFD -6.573 67.328 -3.1 0.062 3.156 50.270 6.033 32.070 70.810 
COMET -11.905 55.334 -26.048 0.141 2.548 16.44 5.558 3.843 89.22 
OF -11.278 55.999 -24.616 0.117 2.573 17.661 8.090 4.155 92.399 C4 
EFD -12.274 61.811 -18.28 -0.067 2.523 46.097 8.716 35.390 -260.210 

 

5.3 DTMB5415 

Test Case 3.6 

For the destroyer DTMB, only roll decay was simulated.  
Time history of roll angle is shown in Fig.16.  Fig.17 
shows logarithmic decrement of roll amplitude vs. roll 
amplitude for two OpenFOAM simulations (medium and 
fine grids) and measurements. 

 

Fig.16 GL OpenFoam roll decay results for case 3.6b 

 

0.00

0.10

0.20

0.30

0.40

0.50

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0

roll amplitude, deg.

ln-decr.

OFfine
OFmiddle
EFD

 

Fig.17 Logarithmic decrement (lnj i/j i+1) vs. roll 
amplitude j i for roll decay test 3.6b; OF denotes 
OpenFOAM results, ‘fine’ and ‘middle’ fine and 
medium grid size, respectively 

 

6. CONCLUSION 

Computational results agree well with the measurements for 
almost all studied test cases, especially for heave and pitch 
amplitudes (1st harmonics) for the wave lengths relevant for 
the excitation of ship motions, as well as calm water 
resistance, trim and sinkage.  A significant difference is 
noticed between the computed and measured amplitude of 
the longitudinal force in waves; the authors suggest 
shortcomings in the measurements or their post-processing, 
because the reference measured amplitudes of the 
longitudinal force in waves appear unrealistically high.  
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Further, differences are noticed between measurements and 
computations for shorter waves (wave length of about 0.6 

Lpp or less).  Note however that the corresponding ship 
motions are relatively small and, therefore, are sensitive to 
small disturbances in the computations and measurements 
on the one hand, and less relevant for the practice on the 
other. 

Moreover, marginal differences are found between the 
measured and computed average values of all ship motions 
(0th harmonics).  These values are extremely small 
because of the almost linear ship motions (heave and pitch) 
for the studied relatively small wave heights, therefore their 
comparison cannot be done here with confidence. 

Comparison of the measured and computed phases of 
motions appears challenging.  To the opinion of the 
authors, small uncontrollable uncertainties can lead to large 
changes in the measured phases. 

Simulated roll decay test agrees well with the 
measurements with respect to both amplitude and period of 
the motion. 

The influence of the grid density on the computed ship 
motions is remarkably small.  The computed motions 
hardly change for the cell numbers already above 105, Fig.5.  
This is because the dominating Froude-Krylov forces can 
be accurately resolved with relatively coarse grids. 

On the other hand, the influence of the grid density on the 
calm water resistance is significant, because for the Froude 
numbers studied here (below 0.28) viscous effects are 
dominating.  At the same time, the influence of the grid 
density on the calm-water trim and sinkage is again 
insignificant, because these are defined mostly by the 
primary wave system of the ship, which can be accurately 
resolved with relatively coarse grids. 

Computed ship motions for long waves become periodic 
very quickly (after about two wave encounter periods) with 
a suitable initialisation of the flow velocities including ship 
speed and the orbital velocities due to the wave and the 
corresponding pressure field.  For shorter waves, the ship 
motions become periodic only after many encounter 
periods (usually more than 5).  The reason is the initial 
disturbance of the flow field, which require much more 
time in short waves. 

In general, the results of COMET and OpenFOAM agree 
well, although the solvers use different pressure-velocity 
coupling (SIMPLE vs. PISO) as well as different 
interpolation schemes. 

The application of deforming grids for the implementation 
of ship motions proved robust and efficient for both solvers. 

The experience with OpenFOAM shows that computation 
of calm-water resistance on a coarse grid and extrapolation 
onto a finer one significantly accelerates convergence. 
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